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PRESERVATION OF BLOOD PLATELETS 
Government Support 
This work funded by a government grant from the U.S. 
Public Health Service National Institute of Health, grant 
numbers HL19429 and HL47874. 

Field of the Invention 
This invention relates to methods and compositions for 
preserving platelets at cryogenic temperatures with retention 
of hemostatic activity. The methods involve the use of 
agents for inhibiting actin filament severing and agents for 
inhibiting actin polymerization. 

Background of the Invention 

The absence of adequate nxunbers of hemostatically active 
blood platelets is associated with many disease states, some 
of which can only be treated by transfusion of blood products 
containing large numbers of viable platelets. Freshly 
obtained blood platelets mediate hemostasis by converting, 
where properly instructed, from discs to spiny pleated 
spheres that attach to breaks in blood vessels and to other 
platelets. This process, referred to as platelet activation, 
is triggered by a variety of different agonists, including 
thrombin, adenosine diphosphate (ADP), thromboxanes, 
collagen, von Willebrand's factor, as well as upon contact of 
platelets with glass - 

Current practice permits platelets to be stored no 
longer than several days, after which the platelets are no 
longer hemostatically active* and are discarded as 
"outdated". It is estimated that about 15% of procured units 
of blood are discarded as outdated. As a result of the short 
platelet shelf life, a large supply of donated blood is 
required to sustain each patient requiring platelet 
r epl acement therapy . 
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Given the problems of platelet availability, various 
attempts have been made to preserve platelets for longer 
periods of time with retention of hemostatic activity. Most 
of this work was done in the 1960 and early 1970 's and 
culminated in the practice of room temperature storage. 
These studies revealed that while room temperature storage 
led rapidly to significant reduction in hemostatic fxinction, 
the phenomenon of cold- induced platelet activation had more 
deleterious effects (Murphy, P.H. and Gardener, F.H. , 1969 N. 
Engl . J. Med. 280:1094-1098; Handin, R.I. andValeri, C.R. , 
1973 J. Engl. J. Med. 285 : 538-543 ) . More recently, research 
has focused on the modification of platelet storage packs or 
bags to increase porosity and gas exchange, on nutrients, 
metabolites, pH and protease inhibitors (e.g.. Murphy, S. et 
al., 1982 Blood 60:194-200; Rinder, H.M. and Snyder, E.L. , 
1992 Blood Cells 18:445-456). Because storage at 
non-refrigerated temperatures has been associated with 
microbial contamination of transfused platelets (Bennett, 
J. v., 1971 N. Engl. J. Med. 285 :457-458; Buckholz, D.H., et 
al., 1971 N. Engl. J. Med. 285:429-433; Morrow, J. P., et al . , 
1991 JAMA 266 ; 555-558) the Food and Drug Administration (FDA) 
limits platelet storage to five days. 

To date, efforts to store platelets at reduced 
temperatures have proven unsuccessful because of the 
morphological changes which platelets \indergo in response to 
cold temperatures. These changes, collectively referred to 
as "cold-induced platelet activation", result in 
substantially impaired hemostatic function. In contrast to 
freshly obtained platelets, platelets that have been rewarmed 
following cold-induced activation share many structural 
features with glass-activated platelets but have 
substantially impaired hemostatic activity. Thus, although 
(agonist- or glass-induced) platelet activation and 
cold-induced platelet activation have in common some 
structural similarities, these activation processes yield 
quite distinctive functional results. . To understand the 
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processes which comprise agonist- and/or cold-induced 
activation and the differences between the two types of 
activation, the cytoskeletal structure of the resting 
platelet must first be considered. 

Prior to activation, the resting platelet contains a 
highly organized cytoskeletal structure, with act in 
representing about a fifth of the total protein (Hartwig, J., 
1992 J. Cell Biology 118 (6) : 1421-1442) . About half of the 
actin in resting platelets is present as actin monomer 
("G-actin") and is stored as a 1:1 complex with 
beta4-thymosin or profilin. The remainder of the actin in 
resting platelets is organized into long filaments 
("F-actin") which radiate outwardly from the platelet 
center. The filaments have a fast-growing end, the "barbed 
end", to which the actin monomers are added in a process 
alternatively referred to as actin assembly or actin 
polymerization . 

Spontaneous actin assembly from monomers in vitro 
proceeds through a thermodynamic ally unfavorable nucleation 
step that limits the initial rate of this polymerization 
reaction. In vivo, various proteins regulate platelet 
activation by association with actin monomers and/or 
filaments. The presence in platelets of nearly 
stoichiometric quantities of actin monomer binding proteins, 
e.g. profilin and beta 4-thymosin, with affinities for actin 
monomer in the micromolar range, presumably prevents 
spontaneous nucleation in vivo (Safer, D., et al . , 1991 J. 
Biol . Chem . 266 :4029-4032; Weeds, A.G. , et al . , 1992 Biochem. 
Soc . Trans . 11:1016-1020). By associating with actin 
monomers, these "sequestering proteins" render the monomers 
incapable of adding to the free pointed ends of actin 
filaments and less capable of adding to the (uncapped) barbed 
ends of actin filaments. 

The exact interplay of these regulatory proteins with 
actin monomers and filaments and their involvement in 
platelet activation is not precisely understood. In the 
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resting platelet, actin filaments bind via act in-binding 
proteins- ("abp") to a dense spectrin-rich shell that 
laminates the plasma membrane (see e.g., Hartwig, J. and 
DeSisto, M., 1991 J. Cell Biol . 112:407-425). We have 
observed that upon stimulation by an agonist, such as 
thrombin, the resting platelet swells, presumably as a result 
of actin filament severing (see Hartwig, J., 1992 supra.). 
It is known that severing requires an increase in the 
intracellular free calcium concentration (Hartwig, J. and 
Yin, H.L., 1987 BioEssays 7:176-179). 

Exposure of platelets to thrombin increases the 
intracellular calcium concentration to near micromolar levels 
in the absence of external calcium and to greater than 
micromolar levels when calcium is a component of the 
surrounding medium (see e.g., Oda, A., et al.^ 1991 *jn. J. 
Physiol . 260 :C242-C248) . Calcixim at micromolar levels leads 
to the formation of gelsolin-actin complexes in vitro 
(Stossel, T., 1989 J. Biol, Chem. 264 : 18261-18264) . In the 
resting platelet, >95% of the gelsolin is free, i.e., not 
complexed to actin (Lind, et al . , 1987 J. Cell Biol. 
105 ; 833-842) . Free gelsolin (not gelsolin-actin complexes) 
reportedly plays a role in calcium-dependent actin filament 
severing (Janmey, P. A., et al., 1985 Biochemistry 
24:3714-3723). Loading cells with permeant calcium chelators 
reportedly quenches the increase in intracellular calcixim 
concentration in response to agonists such as thrombin 
(Davies, T.D. , et al . , 1989 J. Biol. Chem , 264:19600-19606). 

Various intracellular calcium chelating agents have been 
used as research tools to elucidate the role of calcium in 
platelet activation. These include derivatives and analogues 
of the calcium chelator BAPTA developed by Tsien et al., (see 
e.g., U.S. Patent No. 4,603,209). Many of these chelators 
exhibit an increase in fluorescence emission (in response to 
appropriate excitation) upon binding free calcium. However, 
to be useful as intracellular chelating agents, these calcium 
chelators had to be derivatized with lipophilic groups, i.e.. 
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to render the chelators capable of penetrating the platelet 
membrane and entering the cytosol. Such intracellular 
calcium chelators have been used to measure intracellular 
calcium concentrations in human blood platelets at rest and 
during activation (Cobbold, P. and Rink, T., 1987 Biochem. J. 
248:313-328). Very low intracellular calcium concentrations 
were achieved when large amounts of the chelators were loaded 
into the cytosol in the absence of an exogenous source of 
free (unchelated) calcium (Cobbold and Rink, 1987, supra.), 
Platelet activation is manifested by transformation of 
the resting platelet (2) into a compact sphere (activated 
platelet, 10) from which extend spines (filopodia, 4) and 
veils ( "lamellipodial networks") (figures 1 and 2). The 
filopodia comprise bundles of actin filaments ("filopodial 
bundles"). The veils contain shorter actin filaments (8) and 
represent a second type of filament organization. The 
generation of both of these actin structures requires 
gelsolin. We believe that removal of gelsolin from the core 
actin network, i.e., the population of actin filaments deep 
within the platelet, leads to formation of the filopodial 
bundles and that removal of gelsolin from severed actin 
filaments leads to formation of the lamellipodial network. 

Much of what is known about the structural changes 
accompanying platelet activation has been learned from 
studying the barbed end actin polymerization activity of 
detergent-demembranated platelets in various states of 
activation. Barbed end actin polymerization activity is 
determined by observing the rate at which newly added actin 
monomer is incorporated into platelet filaments (see e.g., 
Hartwig, J. and Janmey, P., 1989 Biochim . Biophys . Acta. 
3030:64-71). Because cytochalasin B is a well known 
inhibitor of actin assembly onto the barbed ends of actin 
filamenrs, the existence and extent of barbed end activity is 
determined by observing the effect of cytochalasin B on the 
rate ar which actin monomers are added to the barbed ends of 
actin fiiam.ents. 
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The cytochalasins and the related chaetoglobosins 
constitute a class of more than 24 structurally and 
fvmctionally related mold metabolites. Several publications 
have reported that cytochalasin B prevents some of the 
platelet shape changes associated with cold-induced 
activation, but that other changes, e.g., distortions of 
intracellular membranes, were not prevented (White, J.B. and 
Krivit, W., 1967 Blood 30:625; White, J.G., 1982 Am. J. Path . 
108 : 184) . More recently, the cytochalasins have been 
reported to alter actin-based cytoskeletal morphology (see 
e.g., Schliwa, M. , 1982 J. Cell Biol . 92:79-91) and inhibit 
actin polymerization (see e.g., Mooseker, M.S., 1986 J. Cell 
Biol . 102 : 282-288 ) . 

In vitro studies using purified actin indicate that 
cytochalasins bind to the barbed end of actin filaments and 
inhibit its polymerization (see e.g., Lin et al . , 1980 J. 
Cell Biol. 84:4 55-4 60) by reducing the rate of monomer 
addition to the barbed end of growing filaments (see e.g., 
Ohmori, H., et al . , 1992, J. Cell Biol. 116 (4) : 933-941 and 
references cited therein) . Although the detailed mechanism 
by which the cytochalasins inhibit actin polymerization has 
not been elucidated (e.g.. Cooper, J. A., 1987 J. Cell Biol . 
105 : 1473-1478) , it is believed that the cytochalasins and 
related compounds interfere with the dynamic equilibrium that 
exists in nonmuscle cells between actin filaments (F-actin) 
and monomeric actin (6-actin) (see e.g.. Specter, I., et al . , 
1989 Cell Motility and the Cytoskeleton 13:127-144 and 
references cited therein) . 

The above-cited references disclose the use of agents 
such as cytochalasin B and intracellular calcium chelators 
for characterizing the biochemical and morphological changes 
that occur during agonist- and/or glass-induced platelet 
activation. However, none of the cited references disclose 
the use of such agents, alone or in combination, for 
modulating or preventing cold-induced platelet activation. 
Accordingly, there is still a need for methods and 



wo 94/18829 



PCTAJS94/01671 



-7- 

pharmaceutical compositions to preserve platelets. In 
particular, there is still a need for methods for preserving 
platelets at cryopreservation temperatures, which methods 
prevent cold-induced platelet activation. Such methods would 
permit the preservation of blood platelets with preserved 
hemostatic activity for longer periods of time than are 
currently possible - 

SUMMARY OF THE INVENTION 
The present invention provides methods and compositions 
for the cryopreservation of platelets with preserved 
hemostatic activity. Also provided are methods for making a 
pharmaceutical composition containing the cryopreserved 
platelets and for administering the pharmaceutical 
composition to a mammal to mediate hemostasis. The methods 
are based upon the recognition by Applicants that two 
processes, actin filament severing and actin polymerization, 
are essential pathways involved in cold-induced platelet 
activation and the concomitant loss of hemostatic function. 

According to one aspect of the invention, a method for 
the cryopreservation of platelets with preserved hemostatic 
activity is provided. The method comprises contacting a 
preparation of platelets with a first agent for inhibiting 
actin filament severing and with a second agent for 
inhibiting actin polymerization to form a treated platelet 
preparation and storing the treated platelet preparation at a 
cryopreservation temperature. The platelets are collected 
from peripheral blood by standard techniques known to those 
of ordinary skill in the art. In a preferred embodiment, the 
platelets are contained in a pharmaceutical ly-acceptable 
carrier prior to treatment with the first and second agents. 

As used herein, actin filament severing refers to 
disruption of the non-covalent crosslinks between actin 
filaments and between filaments and the spectrin-rich shell 
that laminates the plasma membrane (Figure 1). Severing 
requires an increase in the concentration of intracellular 
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calciuin. Accordingly, in a preferred embodiment, the first 
agent is an intracellular calcium chelator that is capable of 
penetrating the platelet membrane. 

As used herein, actin polymerization refers to the 
process by which actin monomers ("G-actin") are assembled 
onto the fast-growing ("barbed end") of actin filaments 
("F-actin"). Exemplary second agents for inhibiting actin 
polymerization include a class of fungal metabolites known as 
the cytochalasins . It is believed that the cytochalasins 
inhibit actin polymerization by constitutively mimicking the 
actions of endogenous, metabolically regulated barbed end 
capping agents, e.g., gelsolin, thereby reducing the rate of 
monomer addition onto the barbed end of growing filaments. 

Following contact with the first and second agents, the 
treated platelets are stored at a cryopreservation 
temperature. As used herein, "cryopreservation temperature'* 
refers to a temperature that is less than about 22**C. In a 
preferred embodiment, the cryopreservation temperature is 
less than about 15**C. In a most preferred embodiment, the 
cryopreservation temperature ranges from between about 0**C to 
about 4**C. 

According to another aspect of the invention, a method 
for making a pharmaceutical preparation for administration to 
a mammal is provided. The method comprises preparing the 
above-described cryopreserved platelet preparation, warming 
the platelet preparation, and neutralizing the first and 
second agents. If the treated platelets are not already 
contained in a pharmaceutical ly acceptable carrier, they are 
placed in a pharmaceutical ly-acceptable carrier prior to 
administration to the mainmal . As used herein, the terms 
"neutralize" or "neutralization" refer to the process by 
which the first and second agents are rendered substantially 
incapable of further acting in the platelet preparation as 
agents for inhibiting actin filament severing and inhibiting 
actin polymerization, respectively. 
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According to yet another aspect of the invention, a 
method for mediating heroostasis in a mammal is provided- The 
method comprises administering the above-described 
pharmaceutical preparation to the mammal. 

According to still another aspect of the invention, 
storage compositions and pharmaceutical compositions for 
mediating hemostasis are provided. 

In one embodiment, the compositions comprise a 
pharmaceutically acceptable carrier, a plurality of 
platelets, a plurality of a first agent for inhibiting actin 
filament severing and a plurality of a second agent for 
inhibiting actin polymerization. In a storage composition, 
the first and second agents are present in the composition in 
sufficient amounts so as to prevent cold-induced platelet 
activation. As used herein, the phrase "cold- induced 
platelet activation" refers to the molecular and 
morphological changes that blood platelets undergo following 
exposure to cold temperatures, e.g., 4*C. In a 
pharmaceutical composition, the agents have been neutralized 
and the composition comprises a pharmaceutically acceptable 
carrier and a plurality of cryopreserved platelets having 
preserved platelet hemostatic activity. 

In yet another embodiment, the pharmaceutical 
composition comprises a plurality of platelets, a plurality 
of a non-naturally occurring intracellular calcixim chelator, 
a plurality of a non-naturally occurring second agent for 
inhibiting actin filament severing and a pharmaceutically 
acceptable carrier. Exemplary non-naturally occurring 
calcium chelators include the acetoxymethyl (AM) esters of 
the BAPTA family of calcium chelators (described below) , and 
derivatives thereof. In a preferred embodiment, the calcium 
chelator is the acetoxymethyl derivative of quin-2 and the 
agent for inhibiting actin polymerization is cytochalasin B. 

According to yet another aspect of the invention, a 
composition for preventing cold-induced platelet activation 
is provided. The composition includes a plurality of a first 
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agent for inhibiting act in filament severing and a plurality 
of a second agent for inhibiting actin polymerization. The 
first and second agents are present in the composition in 
sufficient amounts so as to prevent cold-induced platelet 
activation. 

These and other aspects of the invention as well as 
various advantages and utilities will be more apparent with 
reference to the detailed description of the preferred 
embodiments and in the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 schematically illustrates actin remodeling 
during platelet activation; 

Figure 2 schematically illustrates actin remodeling 
during cold-induced activation of platelets; 

Figure 3 schematically illustrates actin remodeling 
during activation of calcium chelated platelets; 

Figure 4 graphically illustrates the time course of 
actin assembly in cold-exposed or thrombin-treated platelets; 

Figure 5 graphically illustrates the prevention of 
cold-induced platelet activation in platelets treated with 
quin-2AM and cytochalasin B; 

Figure 6 illustrates the morphology of resting huunan 
platelets at 37**C; 

Figure 7 illustrates the morphology of human platelets 
exposed to 4**C for 90 minutes; 

Figure 8 illustrates the morphology of human platelets 
treated with 40 v^M quin-2AM and exposed to 4**C for 90 
minutes ; 

Figure 9 illustrates the morphology of human platelets 
treated with quin-2AM and cytochalasin B and exposed to 4*C 
for 90 minutes; and 

Figure 10 is a copy of an electron micrograph of a 
detergent-extracted cold-exposed platelet which was rapidly 
frozen, metal-shadowed and photographed at about 40,000 X 
magnification. 
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Detailed Description of the Invention 
The instant invention embraces methods for preserving 
platelets with preserved hemostatic activity, storage 
compositions for preventing cold-induced platelet activation 
and pharmaceutical compositions for mediating hemostasis. 

The compositions comprise a pharmaceutical ly acceptable 
carrier, a plurality of platelets, a plurality of a first 
agent for inhibiting act in filament severing and a plurality 
of a second agent for inhibiting actin polymerization. In a 
storage composition, the first and second agents are present 
in the composition in sufficient amounts so as to prevent- 
cold-induced platelet activation. As used herein, the phrase 
"cold-induced platelet activation" is a term having a 
particular meaning to one of ordinary skill in the art- 
Cold-induced platelet activation is manifested by changes in 
platelet morphology, some of which are similar to the changes 
that result following platelet activation by, for example, 
contact with glass • The structural changes indicative of 
cold-induced platelet activation are most easily identified 
using techniques such as light or electron microscopy. On a 
molecular level, cold-induced platelet activation results in 
actin bundle formation and a subseqpaent increase in the 
concentration of intracellular calcium. Actin-bundle 
formation is detected using, for example, electron 
microscopy. An increase in intracellular calcium 
concentration is determined, for example, by employing 
fluorescent intracellular calcium chelators. Many of the 
above-described chelators for inhibiting actin filament 
severing are also useful for determining the concentration of 
intracellular calcixim (Tsien, R. , 1980, supra . ) . 
Cold-activated platelets also have a characteristically 
reduced hemostatic activity in comparison with platelets that 
have not been exposed to cold temperatures. These 
differences in hemostatic activity are reflected in 
differences in actin polymerization activity. Accordingly, 
various techniques are available to determine whether or not 
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platelets have experienced cold-induced activation. Such 
techniques can be used to select the concentrations of first 
and second agents that are necessary to prevent cold-induced 
platelet activation. 

The invention further embraces pharmaceutical 
compositions containing cryopreserved platelets th^t have 
preserved hemostatic activity. Hemostatic activity refers 
broadly to the ability of platelets to mediate bleeding 
cessation. Various assays are available for determining 
platelet hemostatic activity (Bennett, J.S. and Shattilr 
S.J., 1990, "Platelet function," Hematology ^ Williams, W. J. , 
et al., Eds. McGraw Hill, pp 1233-1250). However, 
demonstration of "hemes t as is" or "hemostatic activity" 
ultimately requires a demonstration that platelets infused 
into a thrombocytopenic or throrabopathic (i.e., 
non-f unctional platelets) animal or human circulate and stop 
natural or experiment ally- induced bleeding. 

Short of such a demonstration, laboratories use in vitro 
tests as surrogates for determining hemostatic activity. 
These tests, which include assays of aggregation, secretion, 
platelet morphology and metabolic changes, measure a wide 
variety of platelet functional responses to activation. 
There is, we believe, no in vitro method that can be directly 
translated into the in vivo setting. However, we believe 
that the tests disclosed herein are reasonably indicative of 
hemostatic function in vivo. Short of transfusion studies in 
animals and hximans , we can definitely state only that the 
methods disclosed herein prevent the morphological changes 
associated with cold-induced platelet activation and loss of 
in vitro responsiveness of platelets and that presumably, 
this translates into improved hemostasis in vivo, (See also 
Slichter, 1981 Vox Saug 40(Suppl l):72-86).) 

One indirect measure of hemostatic activity is the 
ability of platelets to assemble actin monomers onto actin 
filaments. Freshly obtained platelets, which have not been 
subjected to cold temperatures, are hemostatically active and 
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have substantial amounts of actin polymerization activity. 
Platelets that have been subjected to cold temperatures have 
increased basal polymerized actin, impaired survival, are 
less hemostatically active (Murphy, P.H. and Gardener F.H., 
1969 N. Engl. J. Med . 280 :1094-1098; Handin, R.I. and Valeri, 
C..R., 1973 N. Engl. Med . 285:538-543) and have impaired actin 
polymerization activity in response to thrombin following 
rewarming (Figure 5). In contrast, the cryopreserved 
platelets of the instant invention have an actin 
polymerization activity that is greater than the actin 
polymerization activity of the cold-treated platelets. Thus 
"preserved hemostatic activity" can be defined functionally 
(e.g., in terms of an actin polymerization activity) to refer 
to an amount of hemostatic activity that is greater than the 
hemostatic activity of a cold-treated platelet. In a 
preferred embodiment, the cryopreserved platelets have a 
hemostatic activity (and corresponding actin polymerization 
activity) approaching that of a platelet which has never been 
exposed to cold temperatures. Various assays are available 
for measuring actin polymerization and thereby obtaining a 
measure of platelet hemostatic activity (see e.g., the 
pyrene- labeled rabbit skeletal muscle actin polymerization 
rate assay, Hartwig, J. and Janmey, P., 1989 Biochim . 
Biophys . Acta . 3030 : 64-71) . 

As used herein, ''actin filament severing" refers to the 
disruption of the non-covalent bonds between subunits 
comprising actin filaments. Actin filament severing in the 
platelet, presumably by gelsolin, requires an increase in the 
intracellular concentration of free calcium. Accordingly, in 
a preferred embodiment, the first agent for inhibiting actin 
filament severing is an intracellular calcium chelator. 
Exemplary intracellular calcium chelators include the 
lipophillic esters (e.g., acetoxymethyl esters) of the BAPTA 
family of calcium chelators, e.g., QUIN, STIL, FURA, MAPTA, 
INDO, and derivatives thereof. Seo Cobbold and Rink, 1987, 
supra , for a discussion of these intracellular chelators. 
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BAPTA is an acronym for l,2-bis(2-aminophenoxy) 
ethane N,N,«N\N*-tetraacetic acid. BAPTA and "BAPTA-like" 
compounds share a high selectivity for calciiom over 
magnesium. As used herein, "BAPTA-like" refers to 
substituted derivatives of BAPTA and BAPTA-analogues which 
retain the essential calcium-chelating characteristics of the 
parent (BAPTA) compound (see U.S. Patent No. 4,603,209, 
issued to Tsien, R. , et al., the contents of which patent are 
incorporated herein by reference) . By this definition, 
"BAPTA-like" compoxands include compounds such as guin-1, 
quin-2, stil-1, stil-2, indo-1, fura-1, fura-2, fura-3, and 
derivatives thereof. 

As used herein, guin-l means 
2- [ C 2-bis ( carboxymethy 1 ) amino ] -5-methylphenoxy 3 methyl ] -8- 
t bi s ( c arboxymethy 1 ) amino ] -quinol ine . 

As used herein, quin-2 means 
2- [ [ 2- 1 bi s ( carboxyraethyl ) amino ] -5-methylphenoxy ]-6- 
methoxy-8- [ bis ( carboxymethyl ) amino ] quinol ine . 

As used herein, stil-l means 
l-( 2~amino-5-[2-( 4-carboxyphenyl)-E-ethenyl-l ]phenoxy)-2- 
(2 • -amino-5 ' -methylphenoxy)ethane-N,N,N' ,N'-tetraacetic acid. 

As used herein, stil-2 means 
l-( 2(2-amino~5-[ ( 2-( 4~N,N-dimethylaminosulf onylphenyl )- 
E-ethenyl-l-]phenoxy)2-(2 '-amino-5 'methylphenoxy)ethane-N,N,N' , 
N '-tetraacetic acid. 

As used herein, indo-1 means 
X-{2-amino-5-[6-carboxyindolyl-2] l-phenoxy)-2- 
(2'-amino-5'-methylphenoxy)ethane-N,N,N' ,N* -tetraacetic acid. 

As used herein, fura-1 means 
l-(2-(4-carboxyphenyl)-6-amino-ben2ofuran-"5-oxy)-2- 
(2 ' -amino-5 •-methylphenoxy)ethane-N,N,N* ,N' -tetraacetic acid. 

As used herein, fura-2 means 
l-( 2-( 5 * -carboxyoxa2ol-2 * -yl )-6-aminoben2of uran-5~oxy)-2- 
( 2 ' -amino-5 ' methy Iphenoxy ) ethane-N , N , N * ., N ' -tet r aacet ic ac id . 
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As used herein, fura-3 means 
1- ( 2- ( 4-cyanopheny 1 ) -6-aminobenzof ur an-5-oxy ) -2- ( 2 ' - 
amino-5' -inethylphenoxy)ethane-N,N,N' ,N'-tetraacetic acid. 

The chemical structures for the above- identified calcixim 
chelators are illustrated in U.S. Patent No. 4,603,209, the 
contents of which patent have been incorporated by reference. 

As used herein, the phrase "pharmaceutically acceptable 
esters" (of the intracellular chelators) refers to 
lipophillic, readily hydrolyzable esters which are used in 
the pharmaceutical industry, especially alpha-acyloxyalkyl 
esters. See generally, references Ferres, H., 1980 Chem. 
Ind . pp. 435-440, and Wermuth, C.G. , 1980 Chem . Ind. pp. 
433-435. 

In a preferred embodiment, the intracellular chelator is 
the acetoxymethyl ester of qnain-2 (Tsien, R. , et al. (1982) 
J. Cell . Biol. 94:325-334). Ester if ication transforms the 
hydrophilic chelator into a lipophillic derivative that 
passively crosses the plasma membrane, and once inside the 
cell, is cleaved to a cell-impermeant product by 
intracellular esterases. Preliminary biological tests of 
BAPTA and its lipophillic derivatives have so far revealed 
little or no binding to membranes or toxic effects following 
intracellular microinjection (Tsien, R., supra . ) . Additional 
examples of intracellular calcium chelators are described in 
"Handbook of fluorescent Probes and Research Chemicals," 5th 
edition, distributed by Molecular Probes, Inc., Eugene, 
Oregon . 

We believe that addition of an intracellular calcium 
chelator mediates severing by preventing activation of 
gelsolin. Accordingly, as used herein, the phrase "agents 
for inhibiting actin filament severing" also embraces agents 
which directly inhibit gelsolin severing by affecting the 
platelet polyphosphoinositides. Such agents include, for 
example , phosphot idyl inositol 4-phosphate, 
phosphot idyl inositol 4 , 5-bisphosphate and compounds 
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Structurally related thereto (Janmey, P. and Stossel, T., 
1987 Nature 325 :362-365; Janmey, P., et al . , 1987 J. Biol . 
Chem , 262; 1228-12232) , 

The second agent (required for preventing cold-induced 
platelet activation) inhibits barbed end actin 
polymerization. As used herein, "actin polymerization" 
refers to the process by which actin monomers ("G-actin") are 
assembled onto the fast-growing ("barbed end") of actin 
filaments ("F-actin"), Exemplary inhibitors of actin 
polymerization include the class of fungal metabolites known 
as the cytochalasins and derivatives thereof (see e.g., 
"Biochemicals and Organic Compounds for Research and 
Diagnostic Reagents" 1992, Sigma Chemical Company, St. Louis, 
MO) . 

Cytochalasin B is one of the best characterized of the 
cytochalasins. In addition to inhibiting actin 
polymerization, cytochalasin B enhances the rate at which 
adenine nucleotides exchange on actin molecules and the rate 
of ATP hydrolysis to ADP and orthophosphate . Cytochalasin B 
is also known to inhibit the glucose transporter of 
eukaryotic cell membranes. The dihydro-derivatives of 
cytochalasins B and D inhibit actin polymerization but do not 
exhibit this membrane- specific effect. 

Despite the known interactions between cytochalasin B 
and biologically important proteins such as actin, few 
studies have been directed toward assessing toxicity of the 
cytochalasins. In vitro cell culture studies have shown 
cytochalasin B to be non-cytotoxic at concentrations up to 
100 ug/ml (20 0 vM) for relatively short periods of time 
(about 2 hours) (Tsuyruo, et al . , 1986 Biochem . Pharmacol . 
35:1087-1090). Prolonged exposure of the cells in vitro 
results in reversible cytotoxicity with the cytoxic effect 
eliminated upon removal of cytochalasin B from the cellular 
environment (Lipski, K. , et al . / 1987 Anal. Biochem . 
161 :332-340) . 
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Few studies have been conducted with the cytochalasins 

in vivo (see EP patent publication number 0 297 94 6 K2, 

published 04. 01 •89). The tissue distribution and toxicity 

(LDcrt = 50 mg/kg) of cytochalasin B following 
50 

intraperitoneal administration to mice has been reported 
(Lipski, Kw et al . , supra.). Lipski et al . further report 
that cytochalasin B distributed rapidly into liver, renal 
fat, kidney, intestines mesentery, pancreas, spleen, and 
blood cells and was cleared from all but liver within 
24 hours. However, only 35% of the injected cytochalasin B 
was recovered within a few minutes following injection, 
suggesting that rapid oxidation of cytochalasin B to 
cytochalasin A, followed by sequestering of cytochalasin A in 
tissues, may account for the low recovery of cytochalasin B 
shortly after injection (Lipski, K., et al . , supra.)- In 
contrast to cytochalasin B, dihydro-cytochalasin B is not 
subject to oxidation to cytochalasin A. We believe that the 
concentration of cytochalasin remaining in cryopreserved 
platelets will be sufficiently low so that toxicity and/or 
sequestering of the cytochalasin will not be an issue. 
However, to avoid potential sequestering of a cytochalasin 
oxidation product (e.g., cytochalasin A) in tissue, the 
dihydro-derivatives of the cytochalasins are employed in a 
preferred embodiment. In a most preferred embodiment, the 
second agent for inhibiting actin polymerization is 
dihydro-cytochalasin B. 

It is believed that the cytochalasins inhibit actin 
polymerization by competing with endogenous barbed end 
capping agents, e.g., gelsolin, and reducing the rate of 
monomer addition to the barbed end of growing filaments. 
Based upon biochemical studies of the interactions between 
gelsolin and actin in vitro (Examples 1 and 2), we believe 
that a class of membrane lipids, the polyphosphoinositides 
(ppis), mediate the dissociation of gelsolin and related 
molecules from the barbed ends of actin filaments. While 
much remains to be learned about these reactions, current 
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information (Janmey, P.A. , and Stossel, Tw 1989 J. Biol . 
Chem. 264:4825-4831) suggests that either biosynthesis or 
rearrangement of ppis in response to platelet activating 
stimuli leads to aggregates of these lipids that induce the 
removal of gelsolin from the barbed ends of actin filaments 
and the removal of certain actin monomer binding proteins 
from actin subunits. 

That the uncapping of gelsolin molecules from the barbed 
ends of actin filaments (presumed to be mediated by ppIs) is 
separate from the calcium-dependent severing step was 
demonstrated by contacting platelets with quin-2AM prior to 
activation with thrombin (Example 2). Figure 3 schematically 
illustrates the actin remodeling events that occurred during 
activation of the c[uin-2AM (calcium-chelated) platelets. 
Quin-2AM prevented the swelling and actin filament severing 
associated with platelet activation as well as the subsequent 
extension of lamellipodial networks. Instead of collecting 
into filopodia, the actin bundles appearing in activated 
Quin-2AM-treated platelets wound repeatedly around the 
interior of the platelet in dense coils, distorting gross 
platelet morphology. Subsequent addition of calcium to the 
extracellular medixjun resulted in fragmentation of the bundles 
and rounding of the distorted platelets (Example 2). The 
latter result suggests that the addition of extracellular 
calcium can supplement the extracellular calcium stores to 
overcome intracellular calcium chelation. In view of these 
results, we believe that intracellular calcium chelation 
inhibits actin filament severing by gelsolin but does not 
effect the ppl-mediated uncapping of core actin filaments or 
the desequestration (i.e., dissociation of actin monomer 
binding proteins) of actin monomers and assembly of the 
monomers onto uncapped core filaments to generate filopodial 
bundles. Since we believe that cold-induced changes in ppIs 
leads to the uncapping of gelsolin-blocked actin filaments, 
agents such as peptides in the gelsolin sequence or peptides 
from a gelsolin-related protein (e.g., villin) that bind to 
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ppls and inhibit gelsolin binding to ppis (Janmey P-A. et 
al., J, Biol . Chem. 267:11828-11838), also theoretically 
prevent cold-induced uncapping of filament by preventing 
actin filament severing. A patent application disclosing the 
above-described peptides has* been filed (U.S. application 
serial no. 07/898607), the contents of which patent 
application are incorporated herein by reference. 

In a preferred embodiment, quin-2AM is the first agent 
for inhibiting actin filament severing and cytochalasin B or 
dihydro-cytochalasin B is the second agent for inhibiting 
actin polymerization. As used herein, the "agents for 
inhibiting actin polymerization" include inhibitors having a 
similar mode of inhibition as the cytochalasins (presumably 
ppl-induced actin assembly), as well as inhibitors of actin 
polymerization having alternative mechanisms. 

Other xenobiotics having similar actions as the 
cytochalasins on platelet actin assembly include the 
Coelenterate-derived alkaloids, the latrunculins; the 
mushroom toxins, the virotoxins; and chaetoglobosins from 
different fungal species. Additional agents known to inhibit 
actin polymerization include actin monomer -binding proteins, 
prof il in, thymosin, the vitamin D-binding protein (Gc 
globulin), DNAase I, actin-sequestering protein-56 (ASP-56), 
and the domain 1 fragments of gelsolin and other actin 
filament -binding proteins (see e.g., Kwiatkowski, O. J. , et 
al., 1989 J. Cell Biol . 108:1717-1726; Way, et al . 1989 J. 
Cell Biol . 109 :593-609; Hartwig, J.H. and Kwiatkowski, O. J. , 
1991 Curr. Opinion Cell Biol. 3:87-97; Vanderkerkhove, J. and 
Vancompernolle, K. , 1992 Curr. Opinion Cell Biol . 4:36-42). 
In addition, ADP-ribosylated actin reportedly acts like a 
barbed end-capping protein and inhibits barbed end actin 
assembly (Aktories, K. and Wegner, A., 1989 J. Cell Biol. 
109:1385. Accordingly, agents which ADP-r ibosylate actin^ 
e.g., certain bacterial toxins such as Clostridium botulinum 
C2 and iota toxins, are embraced within the meaning of agents 
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for inhibiting actin polymerization. Regardless of the 
mechanism of inhibition, the actin polymerization inhibitors 
have in common the ability to penetrate the plasma membrane. 

The inhibitor of actin polymerization, may be contacted 
with the platelets at any time prior to sxibjecting the 
platelets to the cryopreservation temperature. Accordingly/ 
the second agent may be contacted with the platelets at the 
same time as the first agent is added or before or after 
addition of the first agent. In a preferred embodiment, the 
first agent is contacted with the platelets before contacting 
the second agent with the platelets. 

The agents' are added to platelets that are kept between 
about room temperature and 37*^0. Following treatment, the 
platelets are cooled to about 4''C. In a preferred 
embodiment, the platelets are collected into a platelet pack 
or bag according to standard methods known to one of skill in 
the art. Typically, blood from a donor is drawn into a 
primary bag which may be joined to at least one satellite 
bag, all of which bags are connected and sterilized before 
use. In a preferred embodiment, the platelets are 
concentrated (e.g. by centrifugation) and the plasma and red 
blood cells are drawn off into separate satellite bags (to 
avoid modification of these clinically valuable fractions) 
prior to sequentially adding the first and second agents. 
Platelet concentration prior to treatment also minimizes the 
amounts of first and second agents required for 
cryopreservation, thereby minimizing the amounts of these 
agents that are eventually infused into the patient. 

In a most preferred embodiment, the first and second 
agents are contacted with the platelets in a closed system, 
e.g. a sterile, sealed platelet pack, so as to avoid 
microbial contamination. Typically, a venipuncture conduit 
is the only opening in the pack during platelet procurement 
or transfusion. Accordingly, to maintain a closed system 
during treatment of the platelets with the first and second 
agents, the agents are placed in a relatively small, sterile 
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container which is attached to the platelet pack by a sterile 
connection tube (see e.g., U.S. Patent No. 4,412,835, the 
contents of which are incorporated herein by reference). The 
connection tube is reversibly sealed according to methods 
known to those of skill in the art. After the platelets are 
concentrated, e.g. by allowing the platelets to settle and 
squeezing the plasma out of the primary pack and into a 
satellite bag according to standard practice, the seal to the 
container (s) including the first and second agents is opened 
and the agents are introduced into the platelet pack. In a 
preferred embodiment, the first and second agents are 
contained in separate containers having separate resealable 
connection tubes to permit the sequential addition of first 
and second agents to the platelet concentrate. 

It is well known that physicians have been infusing 
platelets as a method for treating certain disorders (e.g., 
acute leukemia) for nearly half a century. Thus, the method 
of infusing a platelet sample into a recipient is well known 
in the art. Typically, the platelet sample comprises a 
platelet concentrate containing platelets taken from plasma 
obtained by whole-blood collection, by plasmapheresis or by 
platelet pheresis. Platelet concentrates are prepared by 
centrifuging plasma in a suitable platelet bag or pack 
according to standard practice. (See also, e.g.. Remington ' s 
Pharmaceutical Sciences , eds . A. Gennaro at al., Phila. 
College of Pharmacy and Science, pp. 800-803 (1990)) and the 
platelet concentrate is resuspended prior to infusion. 
Typically, rhe platelet concentrate is resuspended in 
platelet poor plasma (which has been collected in a satellite 
bag during preparation of the platelet concentrate), although 
other solutions (e.g., sterile saline) can be used. Thus, 
platelet poor plasma is well known to the artisan of ordinary 
skill in the art as the carrier of choice for platelets which 
are intended for in vivo applications. 
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As will be immediately apparent to the artisan of 
ordinary skill in the art, various types of carriers, 
preferably platelet poor plasma, can be useful for 
resuspending centrifuged platelets. Various types of 
platelet carriers will continue to be developed in future. 
Whatever their identity, presently known or in the future 
developed, the "pharmaceutically-acceptable carriers" are not 
intended to limit the scope of the invention as claimed. 
Applicants have made a discovery that has broad implications, 
and as claimed, the scope of this discovery is readily 
understood by those of ordinary skill in the art. In 
particular. Applicants have discovered a process for 
preserving platelets with retention of hemostatic activity. 
The process involved treating platelets with a first agent 
for inhibiting actin filament severing and with a second 
agent for inhibiting actin polymerization and storing the 
treated platelets at a temperature below about IS^'C. The 
absolute identity of the carrier in which the treated 
platelets are resuspended does not go to the "essence" of 
Applicants* invention. Accordingly, the claimed invention 
should not be confined to the particular carrier selected. 
Rather, it should embrace Applicants* discovery that treating 
platelets with agents for inhibiting actin filament severing 
and polymerization preserves platelets with retention of 
hemostatic function. 

Following contact with the first and second agents, the 
treated platelets are stored at a cryopreservation 
temperature. As used herein, "cryopreservation temperature" 
refers to a temperature that is less than standard platelet 
storage temperatures, e.g., less than about 22**C. In a 
preferred embodiment, the cryopreservation temperature ranges 
from about O^^C to about 4^C. In contrast to platelets stored 
at, for example, 22''C, platelets stored at cryopreservation 
temperatures have substantially reduced metabolic activity. 
Thus, platelets stored at 4°C are metabolically less active 
and therefore do not generate large amounts of CO^ compared 
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with platelets stored at, for example, 22**C (Slichter, S., 
1981, supra.). Dissolution of in the platelet matrix 

results in a reduction in pH and a concommittant reduction in 
platelet viability (Slichter, S., 1981, supra . ) , 
Accordingly, conventional platelet packs are formed of 
materials that are designed and constructed of a sufficiently 
permeable material to maximize gas transport into and out of 
the pack (Oj in and CO^ out) . The prior art limitations 
in platelet pack design and construction are obviated by the 
instant invention, which permits storage of platelets at 
cryopreservation temperatures, thereby substantially reducing 
platelet metabolism and diminishing the amount of 
generated by the platelets during storage. 

According to another aspect of the invention, a method 
for making a pharmaceutical preparation for administration to 
a mammal is provided. The method comprises preparing the 
above-described preserved (i.e., cryopreserved) platelet 
preparation, warming the platelet preparation, neutralizing 
the first and second agents and placing the neutralized 
platelet preparation in a pharmaceutically acceptable 
carrier. In a preferred embodiment, the cryopreserved 
platelets are warmed to room temperature (about 22''C) prior 
to neutralization. In a most preferred embodiment, the 
platelets are contained in a pharmaceutically acceptable 
carrier prior to contact with the first and second agents and 
it is not necessary to place the platelet preparation in a 
pharmaceutically acceptable carrier following neutralization. 

As used herein, the terms "neutralize*' or 
"neutralization" refer to a process by which the first and 
second agents are rendered substantially incapable of further 
action in the preparation as agents for inhibiting act in 
filament severing and inhibiting act in polymerization, 
respectively. In a preferred embodiment, the cryopreserved 
platelets are neutralized by dilution, e.g. , with a 
suspension of red blood cells. Alternatively, the treated 
platelets can be infused into the recipient, which is 
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equivalent to dilution in millimolar calciiim and into a red 
blood cell suspension. This method of neutralization 
advantageously maintains a closed system and minimizes damage 
to the platelets. 

An alternative method to reduce toxicity is by inserting 
a filter in the infusion line, the filter containing, e,g, 
activated charcoal or an immobilized ant i-cytochalasin 
antibody, to remove the first and second agents. Either or 
both of the first and second agents also may be removed or 
substantially diluted by washing the treated platelets. In 
instances in which the first agent is an intracellular 
calcium chelator, the first agent is preferably neutralized 
by the addition of \inchelated calcium to the cryopreserved 
platelet preparation. The unchelated calciuin is added to the 
preparation at a concentration in excess of the intracellular 
calcium chelator concentration. 

The invention further provides a method for mediating 
hemostasis in a mammal. The method includes administering 
the above-described pharmaceutical preparation to the 
mammal. Administration of the cryopreserved platelets may be 
in accordance with standard methods known in the art. 
According to one embodiment, a human patient is transfused 
with red blood cells before, after or during administration 
of the cryopreserved platelets. The red blood cell 
transfusion serves to dilute the administered, cryopreserved 
platelets, thereby neutralizing the first and second agents. 

Also within the scope of the invention are storage 
compositions and pharmaceutical compositions for mediating 
hemostasis . 

In one embodiment, the compositions comprise a 
pharmaceutically-acceptable carrier, a plurality of 
platelets, a plurality of a first agent for inhibiting act in 
filament severing and a plurality of a second agent for 
inhibiting actin polymerization. The first and second agents 
are present in the composition in sufficient amounts so as to 
prevent cold-induced platelet activation. 
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The criteria for selecting the amounts of first and 
second agents for preventing cold- induced platelet activation 
are: (1) the first agent must be present in the composition 
in an amount which inhibits actin filament severing and (2) 
the second agent must be present in the composition in an 
amount that inhibits actin filament polymerization. 
Preferably, they are present in amounts whereby after 
cryopreservation and neutralization, the platelets have 
preserved hemostatic activity. The amounts of first and 
second agents which prevent cold-induced platelet activation 
can be selected by exposing a preparation of platelets to 
increasing amounts of these agents, exposing the treated 
platelets to a cryopreservation temperature and determining 
(e.g., by microscopy) whether or not cold-induced platelet 
activation has occurred- Alternatively, the amounts of first 
and second agents can be determined functionally by exposing 
the platelets to varying amounts of first and second agents, 
cooling the platelets as described herein, warming the 
treated (chilled) platelets, neutralizing the platelets and 
testing the platelets in a hemostatic activity assay to 
determine whether the treated platelets have preserved 
hemostatic activity. 

For example, to determine the optimal concentrations and 
conditions for preventing cold-induced activation by a first 
agent that is an intracellular calcium chelator and by a 
second agent that is a cytochalasin, increasing amounts of 
these agents are contacted with the platelets prior to 
exposing the platelets to a cryopreservation temperature. 
The optimal concentrations of the first and second agents are 
the minimal effective concentrations that preserve intact 
platelet function as determined by in vitro tests (e.g., 
observing morphological changes in response to glass, 
thrombin, cryopreservation temperatures; ADP- induced 
aggregation; actin polymerization) followed by in vivo tests 
indicative of hemostatic function (e.g., recovery, survival 
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and shortening of bleeding time in a thrombocytopenic animal 
or recovery and survival of ^^Cr-labeled platelets in human 
subjects) . 

New compounds also can be screened for their ability to 
act as first and second agents in preventing cold- induced 
platelet activation. The amounts of previously untested 
first and second agents necessary to prevent cold-induced 
platelet activation can be determined by selecting an amount 
of first agent which inhibits actin filament severing and by 
selecting an amount of second agent which inhibits actin 
polymerization. As previously noted, the severing of actin 
filaments is detectable by electron microscopy or other 
published procedures (see e.g. Janmey, P. A. and Stossel^ 
T.P., 1987 Nature 325 : 362-365) > One method for selecting an 
amount of an untested first agent for inhibiting actin 
severing is by treating intact platelet preparations 
(containing increasing amo\ints of the first agent) with 
cytochalasin B (to inhibit barbed end polymerization 
activity), activating the polymerization-inhibited platelets 
(e.g., by exposure to a cryogenic temperature) and observing 
(by microscopy) structural changes in the 
polymerization-inhibited, activated platelets. The 
polymerization-inhibited, activated control platelets (i.e., 
platelets that were not exposed to first agent) exhibit actin 
filament severing (as observed by electron microscopy) but do 
not extend the lamellipodia or filopodia characteristic of 
actin polymerization because actin polymerization is 
inhibited. The polymerization-inhibited, activated platelets 
(exposed to increasing amounts of the first agent) exhibit 
decreasing amounts of actin severing (as observed by electron 
microscopy). According to this method, the amount of first 
agent which is necessary to prevent cold-induced platelet 
activation is that amount which empirically inhibits actin 
severing. For first agents that are intracellular calcium 
chelators, the amount of the first agent that inhibits actin 
severing is, in part, dependent upon the affinity and 



wo 94/18829 



PCT/US94/01671 



-27- 

specificity of the intracellular chelator for calcium. In a 
preferred embodiment, the first agent is Quin-2AM which is 
present in the composition at a concentration of about 
10"^^ mole/platelet. 

Similarly, various assays are available for selecting an 
amount of second agent that inhibits actin monomer .assembly 
onto actin filaments (actin polymerization). For example, a 
pyrene-labeled actin polymerization assay has previously been 
described (Hartwig, J. and Janmey, P. 1989 Biochim . Biophys . 
Acta 1010 : 64-71 ) . Pyrene actin assembly onto actin filaments 
is completely inhibited at the barbed end by 2 uM 
cytochalasin B (Examples 1 and 2). Thus, cytochalasin B 
inhibitable activity in the pyrene-labeled polymerization 
assay is defined as "barbed end" actin assembly 
(polymerization). Accordingly, the amount of an untested 
second agent for inhibiting actin polymerization is 
determined, for example, by substituting the untested second 
agent for cytochalasin B in the pyrene labeled polymerization 
assay (using increasing amounts of the untested second agent) 
and selecting the concentration of second agent that inhibits 
actin assembly onto the barbed end of actin filaments. In a 
preferred embodiment, the second agent is cytochalasin B 
vhich is present in the composition at a concentration of 
about 10^^® mole/platelet. In a most preferred embodiment, 
the second agent is dihydro-cytochalasin B which is present 
in the composition at a concentration of about 10 to 
about lO"^^ mole/platelet. 

In yet another embodiment, the pharmaceutical 
composition comprises a plurality of platelets, a plurality 
of a non-naturally occurring intracellular calcium chelator, 
a plurality of a non-naturally occurring second agent for 
inhibiting actin polymerization and a pharmaceutical ly 
acceptable carrier. As used herein, the term "non-naturally 
occurring" refers to a molecule which is not present in 
platelets as they exist in circulating blood. Exemplary 
non--naturally occurring intracellular calcium chelators are 
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the above-described lipophilic derivatives of the BAPTA 
family of calcium chelators. Exemplary non-naturally 
occurring second agents for inhibiting actin polyiner ization 
include the above-described cytochalasins and derivatives 
thereof, as well as fragments of larger molecules vhich are 
present in platelets as they exist in circulating blood. 

According to yet another aspect of the invention^ a 
composition for addition to platelets to prevent cold-induced 
platelet activation is provided. The composition includes a 
plurality of a first agent for inhibiting actin filament 
severing and a plurality of a second agent for inhibiting 
actin polymerization. The first and second agents are 
present in the composition in amounts that prevent 
cold-induced platelet activation. In a preferred embodiment, 
the first agent is the acetoxymethyl ester of quin-2 
(quin-2AH} and the second agent is cytochalasin B. 

EXAMPLES 

The instant invention provides methods and 
pharmaceutical compositions for the cryopreservation of 
platelets with preserved hemostatic activity. The following 
examples illustrate representative utilities of the instant 
invention . 

MATERIALS AND METHODS ; 

A. Preparation of Resting Platelets : 

Human blood from healthy volunteers, drawn into 0.1 vol 
of Aster-Jandl anticoagulant, was centrifuged at 110 g for 
10 min. The platelet-rich plasma was gel-filtered through a 
Sepharose 2B column equilibrated and eluted with a solution 
containing 145 mM NaCl, 10 mM Hepes, 10 mM glucose, 0.5 mM 
Na^HPO^, 5 mM KCl , 2 mM MgCl^, and 0.3% BSA, pH*7.4 
(platelet buffer). 2 U/ml apyrase was added to the platelet 
suspension and the cells were left standing for 60 min. at 
37 °C as previously reported (Hartwig, J. , and M. DeSisto, 
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1991 J. Cell Biol . 112 :407-425; Hartwig, J., et al . 1989 J. 
Cell Biol. 109 : 1571-1579) . To maintain cytosolic calcium at 
or below its resting level during cell activation, cells were 
loaded with 30 uM Quin-2AM during minutes 30-60 of the rest 
period. The effect of Quin-2 was reversed by the addition of 
1 mM CaCl^ to the bathing media before centr if ugation of 
the Quin 2-loaded cells onto the coverslips or after the 
cells had been attached and formed filopodia on the 
coverslip. Glass-adherent, Quin-2 loaded cells were also 
treated with 1 mM CaCLj and 20 nM of the ionophore A23187 
for 15 seconds (s) and then detergent permeabilized. In some 
cases, platelets were used directly from platelet-rich plasma 
by diluting it 1:20 with platelet buffer containing, in 
addition, 0 . 1 mM EGTA and 2 U/ml apyrase. The diluted cells 
were incubated for 30 min, at 37 «C to insure a resting state. 

B. Activation of Platelets : 

Platelet suspensions were activated by the addition of 1 
U/ml of thrombin (hereafter called thrombin-act ivated) for 
15-30 seconds in studies of nucleation activity. Activation 
was terminated by permeabilizing the cells as detailed 
below. Glass activation was used for the morphological 
studies. Cells were glass-activated by centr if ugation onto 
polylysine-coated glass coverslips at 250 g for 5 min. 
Coverslips were placed in the bottom of raultiwell plates (24 
or 96 wells), covered with 0.25 ml of platelet suspension, 
and centr if uged at 37 ^'C in a Sorvall HB-6000 centrifuge using 
multiwell carriers. 

C. Fluorescence Measurement of Actin Assembly in Lysates 
from Resting and Activated Cells : 

The effect of cell lysates on the rate and extent of 
pyrene- labeled rabbit skeletal muscle actin was determined as 
described previously (Hartwig, J., and P. Janmey, 1989 
Biochim. Biophys . Acta. 1010 : 64-71) , Suspensions of resting 
or thrombin-act ivated cells at concentrations of 1.4 x 
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lO®/ml were permeabilized by the addition of 0.1 volxune of 
60 luM Pipes, 25 mM Hepes, 10 mM EGTA, 2 mM MgCl^. 0.75% 
Triton and 42 nM leupeptin, 10 mM benzamidine, and 0-123 rnM 
aprotinin to inhibit proteases (Schliwa, J., et al . , 1981 . 
Proc. Natl. Acad , Sci. USA 80:5417-5420). 100 ul of 
detergent lysate was added to 190 ul of 100 mM KCl,, 2 mM 
MgCl2^ 0.5 mM ATP, 0 . 1 mM EGTA, 0 . 5 mM dithiothreitol , and 
10 mM Tris, pH 7.0 and the polymerization rate assay was 
started by the addition of monomeric pyrene- labeled rabbit 
skeletal muscle actin to a final concentration of 2 uM. The 
relative contribution of nuclei with barbed or pointed ends 
in the cell lysates was determined by adding 2 uM 
cytochalasin B to the pyrene nucleation assay system. Pyrene 
actin assembly onto actin filament nuclei has been shown to 
be completely inhibited at the barbed end by 2 uM 
cytochalasin B. Cytochalasin B inhibitable activity in the 
nucleation assay is^ therefore, defined as "barbed" end 
assembly. Activity not inhibited by cytochalasin B is 
considered pointed end assembly. The stability of nucleation 
activity in cell lysates was tested by comparing the 
stimulatory effect of fresh lysate on actin assembly with 
lysates allowed to stand for 30 s to 30 min at 37°C before 
addition to the assembly assay. To determine if the measured 
stimulation of actin assembly and its decay with time was due 
to the growth of pyrene-actin addition onto cellular 
filaments subject to depolymerization in the diluted lysate, 
0.1 uM phalloidin or phallacidin was added to the cell 
lysates during their preparation to stabilize the filaments. 
As shown in the results, all nucleation activity present in 
resting and activated cells was associated with the 
detergent-insoluble cytoskeleton . However, we also 
determined that the soluble phase from cells permeabilized 
with detergent in the presence of EGTA contained calcium 
dependent nucleation activity. Detergent lysates from 
resting and thrombin-act ivated cells (30 s, 1 U/ml) were 
centrifuged at 10,000 g for 2 min at room temperature in a 
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microcentrifuge . The supernatant was removed and added to 
the pyrene-based nucleation assay in the presence of 1 mM 
EGTA or CaCl2- The amount of pointed end activity in these 
soluble extracts was determined by adding a final 
concentration of 2 uM cytochalasin B to the pyrene-actin 
assembly assay- 

The effect of inhibiting barbed end actin assembly in 
thrombin-activated cells before detergent lysis on the amount 
of nucleation activity was determined by preincubating 
resting platelet suspensions with 2 uM cytochalasin B for 
5 min. Because it was necessary to wash out the 
cytochalasin B from some of the cytoskeletons before addition 
of the cell lysates to the pyrene assembly assay, the cells 
were first attached to glass coverslips while still in the 
presence of cytochalasin B, This was accomplished by 
sediraenting 0.3ml of cell suspension onto a 12 mm round glass 
coverslip for 5 min at 250 g. Individual coverslips were 
removed, treated with thrombin for 15 s in the presence of 
cytochalasin B, permeabilized with IX PHEM-Triton buffer 
containing 2 uM cytochalasin B for 15 s and then washed in 
PHEM buffer in the presence or absence of cytochalasin B. 
Coverslips were then immediately assayed for their ability to 
promote actin filament assembly as previously described by us 
using glass adherent macrophage cytoskeletons (Hartwig, J., 
and P. Janmey, 1989 Biochim. Biophys . Acta. 1010 ; 64-71) . 

D. Morphological Studies ; 

Light microscopy and electron microscopy of platelets 
and cytoskeletons were performed according to standard 
methods, see e.g., Hartwig, J., 1992, J. Cell Biol • 
118( 6) ; 1421-1442 . The localization of gelsolin in platelets 
was performed by gold labeling of cytoskeletons from resting 
and activated cells with antibodies to gelsolin. The 
affinity-purified goat anti-rabbit macrophage gelsolin igG 
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was described earlier (Hartwig, J., and M. DeSisto, 1991 J. 
Cell Biol. 112 :407-425; Hartwig, J., and P. Shevlin, 1986 J. 
Cell Biol. 103:1007-1020). 



EXAMPLE 1 . Actin Nucleation Activity in Resting and 
Activated Cells . 
To \inderstand how new filament assembly (polymerization) 
is initiated during cell activation, the nature and amount of 
nucleation activity in detergent lysates from resting and 
thrombin-activated cells was characterized using a 
pyrene-actin assembly system in vitro • As shown in Table 1, 
lysates of resting cells permeabilized with Triton X-100 had 
only a small stimulatory effect on the rate at which 
pyrene-actin assembled in solutions containing 0.1 M KCl and 
2 mM MgCl2. This small increase in the rate of actin 
assembly by resting lysates was probably due primarily to the 
addition of pyrene monomers onto the slow-exchanging filament 
ends (pointed end of Sl-labeled fibers) because addition of 
2 tiM cytochalasin B to lysates from resting cells, which 
blocks exchange at the high affinity ("barbed") ends, had 
only a small effect on the amount of nucleation activity 
measured in the pyrene assay. From the kinetics and extent 
of pyrene assembly and rates of addition of monomers to the 
filament ends, 2,0 00 pointed filament ends are present in a 
resting cell. Lysates from cells activated with 1 U/ml of 
thrombin for 15-30 s before permeabilization, however, 
increased the pyrene-actin assembly rate three- to four-fold 
relative to resting lysates (Table 1). In contrast to the 
resting lysates, the stimulatory effect in these lysates was 
abolished by the addition of 2 uM cytochalasin B to the actin 
assembly assay (Table l). Since cytochalasin B blocks new 
actin assembly in both intact, thrombin-activated platelets 
(Casella, J., et al., 1981 Nature (Lond.) 293 :302-305; Fox, 
J. and D. Phillips, 1981 Nature (Lond.) 292 :650-652) and in 
lysates from thrombin-activated cells, filament assembly in 
platelets must occur predominantly on the fast growing 
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(barbed) end of filaments. Depending on the experiment, 
410-570 barbed ends would have been required on average in 
each platelet to increase the rate of actin assembly by the 
determined extents (Table 1). 

Before centrif ugation, lysates increased the actin 
assembly rate by 1-528 + O.ll nM s"*^ (mean + SD) relative 
to actin alone. Centr if ugation of lysates at 10,000 g for 2 
min, which sediments aggregates of cellular actin fibers but 
not individual actin filaments, removed 99% of the nucleation 
activity induced by thrombin. This result indicates that all 
barbed end nucleation activity measured in EGTA-containing 
buffer was associated with the low-speed sedimentable 
platelet cytoskeleton. 

In all of the nucleation experiments described above, 
the calcium ion concentration was low because all solutions 
contained EGTA to chelate calcixim. Although raising the 
calcium concentration of assay solutions into the micromolar 
range by addition of sufficient CaCl2 had no effect on the 
barbed end nucleation activity that was sedimentable in 
lysates of thrombin-act ivated platelets, the soluble fraction 
remaining after removal of cytoskeletons also contained a 
large amount of calcium-dependent actin nucleation activity 
(Table II). This activity was, however, in contrast to the 
calcixim-insensitive sedimentable activity, completely 
unaffected by 2 uM cytochalasin B, demonstrating that it 
promotes actin assembly only in the pointed (non-barbed end) 
direction. No calcium-activated soluble nucleation activity 
was detectable in lysates from resting cells. 
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Table I 

Calcium-insensitive Cytoskeletal Nucleation Activity 

Assembly Assembly Subunits Subxinits Pointed Barbed 

rate rate added to added to nuclei/ nuclei/ 

Treat- (Pointed (barbed pointed barbed platelet platelet 

ment end) end*) ends** ends*** 



-1 



-1 



xlO^°s-^ xlO^°s-l 



nM s * nM s 
Rest- 
ing 0.21+0.04 0.04+0.02 3.7+0.70 0.7 2,000+380 50+25 
Activa- 
ted 0.24+0.02 0.58+0.03 4.3+0.35 10.4 2,500+200 410+15 



* The barbed end assembly rate is calculated by 
subtracting the assembly rate in the presence of 2 ]xl^ 
cytochalasin B from the assembly rate in the absence of 
cytochalasin B. 



** Initial pointed end addition rate in 2 uM actin 
solution was 1.2 subunits s""^. 



*** Initial barbed end addition rate in 2 \xK actin 
solution was 18 subunits s"^ . 



In reference to Table I, gel-filtered platelets were 

o 

suspended to a concentration of 1.4x10 /ml in platelet 
buffer, rested for 30 minutes at 37*^0, and then treated with 
or without 1 U/ml of thrombin for 15 s. The cells were 
permeabilized by the addition of 0.1 vol of lOx PHEM buffer 
(Schliwa, M. , et al . , 1981 Proc. Natl. Acad> Sci . USA 
80:5417-5420) containing 0.75% Triton X-lOO and protease 
inhibitors. 110 \il of platelet lysate was added to 
180 pi of 0.1 M KCl, 0.5 mM ATP, 2 mM MgCl2. 0 . 3mM 
beta-mercaptoethanol , and 2 mM Tris, pH 7.0. The rate assay 
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was started by the addition of pyrene- labeled act in monomers 
to a final concentration of 2iiM. The final volume was 
0.3 ml. 2 pM cytochalasin B was added to determine the 
amount of total activity related to the barbed filament end. 
There were 1.4x10^ platelets per assay. Data are expressed 
as mean + SD, n = 4. 

Table II 

Calcium-sensitive Soluble Nucleation Activity 



Subunits Pointed 
added to . nuclei/ 
2 liM Assembly pointed platelet 



Treatment CB 


Rate* 




ends * * 












nM s~^ 




xlO^°s- 


1 








Resting + 


ND 














Resting 


ND 














Activated + 


0.55 + 


0.02 


1.0 + 


0.05 


5,000 


+ 


250 


Activated 


0.54 + 


0.03 


0.97 + 


0.05 


4,850 




243 



In reference to Table II, lysates were prepared from 
resting thrombin-treated cells with detergent and centrifuged 
in a Sorvall Microspin 12S at 13,000 rpm for 1 min. 
Nucleation activity remaining in the supernatant after 
removal of the cytoskeletal fraction was determined. 
Centrif ugation of lysates removed all cytoskeletal-associated 
nucleation activity from the resultant supernatants . There 
were 2.0 x 10 platelets per assay. The data are expressed as 
mean + SD, n = 4 . NC = not detectable. The barbed end 
assembly rate, initial pointed end addition rate and initial 
barbed end addition rate are as described for Table I. 
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EXAMPLE 2. Evidence for the Role of Calcium in Cvtoskeletal 

Rearrangements Occurring with Platelet Activation, 

A. Quin-2-loaded Platelets Attach to Glass Extend 
Filopodia, but Do Not Spread: 

Loading platelets with 30 uM Quin-2AM had no effect on 
the structure of the resting cells observed in the light 
microscope or cytoskeletons prepared from these resting cells 
(data not shown). However, the morphologies of 
glass-activated cells differed from untreated cells spreading 
on coverslips. As illustrated schematically in figure 3, 
platelets loaded with Quin-2 and then glass activated extend 
filopodia but not lamellipodia . Filopodia were 2-5 um in 
length, thicker in diameter relative to those from control 
cells, and had bulbous endings (figure 3). Although 
filopodia extended from these cells, the cell shape remained 
discoid with dimensions near those of the resting cell. In 
the electron microscope, the surface of intact cells retained 
the pits of the open canalicular system (CCS) . While most of 
the cells had filopodia, some other morphologies were also 
apparent. Most glass-activated Quin-2~loaded platelets 
extended one prominent filopod, but a few simply elongated or 
made spherical protrusions at their margins. As detailed 
below, these different morphologies resulted from related 
cytoskeletal actin rearrangements. If Quin-2-loaded cells 
were bathed in medium containing millimolar calcium, normal 
spreading of cells resulted on the glass surfaces (i.e., 
cells spread both lamellipodia and filopodia. 

When observed in the electron microscope, cytoskeletons 
prepared from Quin-2-loaded and glass-activated cells lack 
lamellipodial networks at their margins. Instead, these 
cytoskeletons are composed exclusively of long filaments 
running parallel ro the cell margin. These filaments appear 
to derive from filaments originating in the cell cenrer which 
turn and run along the cytoskeletal edges. Filopodia in 
cytoskeletons from Quin-2-loaded cells are filled with actin 
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filaments originating near the middle of the cytoskeleton, 
but these filaments do not end near the tips of the filopodia 
as in control cells. Instead, these filaments make U-turns 
and run back into the body of the cytoskeleton. These 
filament loops, therefore, appear to produce the bulbous 
enlargements at the ends of filopodia in these cells. Not 
all actin fibers entering filopods make U-turns. A few of 
the filaments within filopodia end near their tips. 
Examination of cytoskeletons from cells displaying simply an 
elongated shape without a filopod reveals them to have 
internal bundles of filaments. Fibers coming off the ends of 
these bundles turn and run in parallel with filaments in the 
cytoskeletal margins or turn and run back toward the middle 
of the cytoskeletons instead of exiting to form filopodia. 
Cytoskeletons of bleb forms also share these features. Blebs 
at the cytoskeletal edges are composed of loops of actin 
filaments with some underlying straight filaments. 

B. Quin-2 Loading Diminishes Thrombin-stimulated Hucleation 
Activity; 

Nucleation activity in lysates from Quin-2-loaded and 
control cells was compared after thrombin activation. 
Lysates from activated cells loaded with Quin-2 had only 28% 
of the nucleation activity of lysates from xintreated and 
activated cells when assayed immediately. When directly 
compared, the total number of nuclei was equivalent to that 
remaining in control lysates incubated for 2 min. before 
addition to the assembly assay. Although the total 
nucleation activity was reduced, its stability was increased 
in lysates of Quin-2-chelated, thrombin- activated cells. 
Nucleation activity in the detergent lysates from 
Quin-2-loaded cells was more stable, and no loss in its 
activity occurred in lysates incubated for as long as 10 min. 
before addition to the assembly assay. In contrast to 
lysates from unchelated cells, phalloidin had no effect on 
the nucleation activity in lysates from Quin-2-loaded cells. 
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The stability of actin filament nuclei in the Quin-2-loaded 
cells could result either from their being considerably 
longer in length compared with control cells or from their 
being coated with proteins that retard depolymerization. The 
former alternative finds support in the electron microscope 
where the periphery of Quin-2-loaded and activated cells were 
replete with long fibers. Filaments of lengths greater than 
or equal to 1,5 urn would have survived to nucleate in the 
assay. 

The above experiments have shown that long actin 
filaments preexisting in resting platelets shorted in a 
calcium-dependent fashion during cell activation with 
thrombin or glass stimuli and that these short filaments then 
become templates for the assembly of lamellipodial networks. 
Two possibilities exist for the formation of this short 
filament population during cell activation. Filaments 
forming the resting cytoskeleton could be fragmented into 
smaller pieces or the resting actin cytoskeleton could 
disassemble to monomers and be replaced by a new population 
of short filaments. The following experiments address the 
mechanism of this short filament formation. 

C . Readdition of Calcium to Quin-2-loaded Cells Rapidly 
Dissolved the Actin Filament Bundles in These Cells: 
Filopodial forms generated by Quin-2- loading and glass 
activation of platelets were rapidly converted to forms 
resembling activated, unchelated platelets when the buffer 
bathing the cells was replaced with one containing millimolar 
calcium. Bundles were rapidly reorganized into lamellipodial 
networks. The effect of added external calcium in the 
presence of the ionophore A23187 was more dramatic. Within 
seconds, the cytoskeletons of previously chelated cells that 
contained large actin filament bundles were completely 
disrupted, leaving a fibrous residue lacking actin 
filaments. This disruption occurred too rapidly to be 
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explained by filaments depolymerizing from their ends. Many 
actin filaments were also scattered over the surface of the 
coverslip. 

p. Cvtochalasin B Does Not Affect the Amount of Nucleation 
Activity in Lysates of Activated Cells: 

In the experiments described above, cytochalasin B added 
to lysates served as a test for the direction (barbed versus 
pointed) of actin assembly off of nuclei present. In the 
following experiments, cytochalasin B incubated with intact 
platelets and later diluted to concentrations in lysates 
below which it blocks actin assembly permitted the assessment 
of morphological changes and determination of whether actin 
nucleation activity appears after platelet activation under a 
condition in which the bulk of cytoplasmic actin cannot 
assemble. 

The generation of nucleation activity after thrombin 
treatment in the presence of cytochalasin B was demonstrated 
using the pyrene- labeled actin assembly assay. As shown in 
Table 111, cytoskeletons from thrombin-activated and 
cytochalasin B-treated cells stimulate the rate of 
pyrene-actin assembly in vitro four-fold compared with 
resting cells incubated with cytochalasin B in parallel (to 
levels comparable to lysates from thrombin-activated cells) 
when cytochalasin was present while the cells were undergoing 
activation but washed away before determining nucleation 
activity. Cytochalasin B treatment of resting cells did not 
by itself result in nucleation activity. In addition, the 
rate of actin assembly from the barbed filament ends was near 
that in cells not exposed to cytochalasin B (compared with 
Table I). Therefore, these experiments demonstrate that the 
short filaments found in cytoskeletons from activated cells 
do not derive from the de novo assembly of actin monomers 
onto some unspecified barbed end nucleating agent, because 
cytochalasin B did not inhibit their formation. 
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To demonstrate that the short act in filaments formed in 
cells activated in the presence of cytochalasin were calcixim 
dependent, the normal rise in cytosolic calciiim was inhibited 
by loading these cells with Quin-2 and then attaching them to 
glass by centr if ugation in the presence of cytochalasin B. 
The morphology of these cells was unchanged from that of 
resting cells and a cytoskeleton prepared from these cells 
resembles the structure of the resting platelet 
cytoskeleton. The cytoskeleton of such cells was discoid and 
covered with its dense membrane skeleton. 

Table III 

Effect of Cytochalasin B on the Nucleation 
Activity in Activated Cytoskeletons 

Assembly Assembly Subunits Subunits Pointed Barbed 

rate rate added to added to nuclei/ nuclei/ 

Treat- (pointed (barbed pointed barbed platelet platelet 

ment end) end*) ends** ends*** 



nM s ^ nM s ^ xio^^s xlQ-^^s'^ 



Rest- 



ing 0.55+0.15 0.18+0.23 9.95+3.30 2.0 1,980+660 50+20 
Activa- 
ted 0.55+0.18 1.59+0.30 9.95+3.30 39.0 1,980+660 380+50 



In reference to Table III, resting platelets were 
incubated with 2 \M cytochalasin B for 5 min, then adhered 
by centr if ugation to 12-nim round glass coverslips coated with 
polylysine. Cells on the coverslips were exposed to 1 U/ml 
of thrombin for 30 s in the presence of cytochalasin B and 
then permeabilized with PHEM-Triton buffer. Some coverslips 
were washed rapidly (l-2x) through PHEM that did not contain 
cytochalasin to remove this agent and added to the 
pyrene-labeled actin assembly system. Cytoskeletons from 
thrombin-treated cells markedly stimulated the rate of actin 
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assembly nucleation activity upon the removal of the 
cytochalasin B. Cytochalasin B treatment of resting cells 
did not increase the amount of nucleation activity in resting 
cytoskeletons . There were 4.2 x lo' platelets per assay. 
The data are expressed as mean + SD, n = 4. The barbed end 
assembly rate, initial pointed end addition rate and initial 
barbed end addition rate were as described in Table I. 

E. Location of Gelsolin in Resting and Activated 
Cytoskeletons : 

The results of the experiments described above implicate 
calcium-activated actin filament severing as an important 
step in the remodeling of the resting cytoskeleton into the 
activated form, Gelsolin accounts for 0.5% of platelet total 
protein, yielding a molar ratio of gelsolin to actin of about 
1:80, and is an excellent candidate to cause the actin 
severing observed during platelet activation. Gelsolin was 
localized in resting and activated cytoskeletons by 
immunoelectron' microscopy . The cytoskeletal gelsolin 
identified with ant i-gelsolin IgG and colloidal-gold 
particles were found in clusters bound near the membrane 
skeleton-actin filament interface in thin sections. To 
determine whether this gelsolin was associated with the ends 
of actin filaments at this interface or linked to the 
membrane skeleton, it was localized in mechanically opened 
cytoskeletons (Hartwig, J. and DeSisto, M. , 1991 J. Cell 
Biol. 112 : 407-425) from resting cells. Micrographs of these 
preparations demonstrated that: (a) gelsolin does not 
associate with the membrane skeleton per se; (b) gelsolin 
does associate with the actin filament core lining its 
surface; (c) gold particles are clustered in the core; and 
(d) is on the ends of at least some of the lO-nm filaments 
knocked out of the cytoskeletons by the mechanical treatment 
and is associated with filaments within the filamentous core 
to the membrane skeleton. Since the bulk of gelsolin 
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released by detergent treatment of resting cells is gelsolin 
free (>95%), the large nxunber of gold particles not bound to 
act in filament ends in these specimens is expected. 

As the cytoskeleton changes during spreading, gelsolin 
also changes in its distribution from the resting condition. 
Gelsolin-reactive gold particles located in the lamellipodial 
zone of the cytoskeleton. Labeling occurred preferentially 
on one filament end, and less often along filaments. The 
filament ends decorated with gelsolin-gold were free, were 
attached to the substratum or pointing upward from it, or 
intersected the side of another filament to form T-shaped 
intersections. In marked contrast to resting cells, gold 
particles in the activated cytoskeleton were not found as 
large clusters. Filament ends were generally decorated with 
one to three gold particles. Since only one gelsolin 
molecule is required to cap the filament end, particle groups 
of one to three would therefore appear to reflect individual 
gelsolin molecules. The larger clusters in the resting 
cytoskeletons would therefore appear to reflect gelsolin 
clusters . 

Such rearrangements of gelsolin did not occur in the 
Quin-2-loaded and activated cells. Gelsolin-reactive gold in 
these cytoskeletons was more clustered than in the resting 
cell cytoskeleton. Clusters lay on the sides of actin 
filaments instead of at their ends. 

EXT^MPLE 3 . Cold-induced platelet Activation. 

Following exposure to 4'*C, actin assembly over a fifteen 
minute period is about double the level of actin assembly in 
resting platelets and about one third the level of actin 
assembly in thrombin-activated platelets (figure 4). Actin 
polymerization was determined by measuring phallacidin 
binding (Havard, T.H. and Oresajo, J., 1987 Cell Motility and 
the Cytoskeleton 5 :545-557) . 
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Figure 2 schematically illustrates the cold-induced 
platelet shape distortion caused by act in filament coils. 
The distorted shape resembles that of Quin-2AM-treated 
platelets at room temperature (figure 3) and is consistent 
with the hypothesis that chilling results in the uncapping, 
presumably ppl-mediated, of gelsol in- capped actin filament 
barbed end in resting platelets and deseguestration of 
monomers. In the absence of severing (inhibited by the 
Quin-2AM treatment), filament growth results in actin 
filament coils which distort the platelet shape. 

Following rewarming. the chilled platelets regain a 
spherical shape, a change interpreted as "recovery" many 
years ago by Zucker et al . (Zucker, M.B. and Borrelli, J., 
1954 Blood 9:602). However, the rewarmed platelets exhibit 
impaired hemostatic activity (Handin, R.I. et al., 1970 
Transfusion 10:305; Handin, R.I. and Valeri, C.R. , 1972 N. 
Engl. J. Med . 285:538). Electron microscopic examination of 
the platelets revealed that they resemble Quin-2AM-treated 
platelets to which calciiim was added rather than discoid 
(resting platelets). These results suggest that chilling and 
rewarming results in a rise in platelet intracellular calcium 
which activates gelsol in to sever the bundles formed during 
chilling. However, the architecture of the resting platelet 
is destroyed by these events, so that subsequent activation 
cannot result in the normal shape changes required for 
optimal hemostatic activity. 

EXAMPLE 4 . Inhibition of Cold-induced Platelet activation . 

The addition of an intracellular calcium chelator 
{Quin-2AM) and an actin assembly inhibitor (cytochalasin B) 
to a platelet preparation prevented cold-induced actin bundle 
formation and a subsequent increase in intracellular calcium 
concentration . 

Figures 6-9 illustrate the morphology of treated and/or 
untreated human platelets at 4°C. The morphologies of 
resting human platelets at 37°C and cold-induced activated 
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human platelets are shown in figures 6 and 8, respectively. 
Figure 7 illustrates the morphology of platelets treated with 
quin-2AM alone. Figure 9 shows that platelets stored at 4**C 
for 90 minutes remain discoid only when pre-treated with both 
quin-2AM and cytochalasin B. These cells were identical in 
shape to those maintained at 37**C (Figure 6) . 

Figure 10 is a copy of an electron micrograph of a 
detergent-extracted, cold-exposed platelet which was rapidly 
frozen, metal-shadowed and photographed at about 40,000 X 
magnification. Figure 10 illustrates the bulbous distortion 
of a cold-exposed platelet by actin filament coils, which 
distortion resembles that observed for platelets treated with 
quin-2AM alone (see figures 3 and 7). This result is 
consistent with the hypothesis that chilling results in the 
\incapping (presumably ppl-mediated) of gelsolin-ligated actin 
filament barbed ends in the resting platelets and 
deseguestration of actin monomers . Thus, filament growth, 
occurring in the absence of severing, results in actin 
filament coils which distort the platelet shaped 

Figure 5 illustrates actin polymerization activity in 
response to cold exposure or thrombin treatment (see Example 
3 and Howard, T.H. and Oresajo, J., 1987 supra.). The actin 
polymerization activity of platelets (never chilled) which 
were activated by exposure to thrombin (1 U/ml) at 37^C is 
shown in Figure 5, column E cuid represents the positive 
control. Actin polymerization induced by chilling alone 
(4**C) is shown in column A. Actin polymerization induced by 
chilling is enhanced for platelets that are chelated (1 uM 
Quin-2AM) and cytochalasin-treated (2 uM cytochalasin B) if 
the cytochalasin is removed in the cold (column B) . 
Chelation and cytochalasin treatment (treated for 30 minutes 
at 37°C) completely prevented cold-induced actin assembly so 
long as cytochalasin was present during the rewarming step 
(column C), even in the presence of thrombin (1 U/ml) 
(column D) . 
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The act in polymerization activity of Quin-2AM- (40 \iM) 
and cytochalasin B- (2 \iM) treated platelets (treated for 90 
minutes at 4*^0, see Figure 5, colximn F) , which were warmed to 
37**C, washed (to removed cytochalasin B) and to which 
unchelated calcitim (1 roM) was added, approached the act in 
polymerization activity observed for the positive qontrol- 
The morphology of the chelated and cytochalas in-treated 
platelets (Figure 5, column E) was indistinguishable from 
platelets that had never been exposed to cold temperatures. 

It should be understood that the preceding is merely a 
detailed description of certain preferred embodiments. It 
therefore should be apparent to those skilled in the art that 
various modifications and equivalents can be made without 
departing from the spirit or scope of the invention. 

What is claimed is: 
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CLAIMS 

1. A method for the preservation of platelets with 
preserved hemostatic activity, the method comprising the 
steps of : 

(a) contacting a preparation of platelets with a first 
agent for inhibiting act in filament severing and with a 
second agent for inhibiting actin polymerization to form a 
treated platelet preparation; and 

(b) storing said treated platelet preparation at a 
temperature of less than about 15**C. 

2. A method as claimed in claim 1, wherein said first 
agent and said second agent are sequentially contacted with 
said preparation of platelets. 

3. A method as claimed in claim 2, wherein said first 
agent is contacted with said preparation of platelets prior 
to contacting said second agent with said preparation of 
platelets. 

4. A method as claimed in claim 1, wherein said first 
agent is an intracellular calcixim chelator. 

5. A method as claimed in claim 4, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
a calcium chelator selected from the group consisting of 
quin-1, quin-2, stil-1, stil-2, indo-1, fura-1, fura-2, 
fura-3, and BAPTA. 

6. A method as claimed in claim 5^ wherein said 
intracellular calcium chelator is a lipophilic derivative of 
guin-2 . 
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7. A method as claimed in claim 6, wherein said 
intracellular calcium chelator is an acetoxymethyl ester of 
quin-2 . 

8. A method as claimed in claim 1, wherein said second 
agent is selected from the group consisting of cytochalasin 
B, dihydro-cytochalasin B and cytochalasin D. 

9. A method as claimed in claim 8, wherein said second 
agent is cytochalasin B. 

10. A method for making a pharmaceutical composition 
for administration to a mammal, the method comprising the 
steps of: 

(a) contacting a preparation of platelets contained in 
a pharmaceutical ly-acceptable carrier with a first agent for 
inhibiting actin filament severing and with a second agent 
for inhibiting actin polymerization to form a treated 
platelet preparation; 

(b) storing said treated platelet preparation at a 
temperature less than about 15**C to form a preserved platelet 
preparation; 

(c) warming said preserved platelet preparation; and 

(d) neutralizing said first agent and second agent in 
said preserved platelet preparation. 

11. A method as claimed in claim 10, wherein the step 
of warming said preserved platelet preparation is by warming 
the platelets to about 37**C. 

12. A method as claimed in claim 10, wherein said first 
agent is contacted with said preparation of platelets prior 
to conracring said second agent with said preparation of 
platelets. 
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13. A method as claimed in claim 10, wherein said first 
agent is an intracellular calcium chelator. 

14. A method as claimed in claim 13, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
a calcium chelator selected from the group consisting of 
quin-1, quin-2, stil-1, stil-2, indo-1, fura-1, fura-2, 
fura-3, and BAPTA. 

15. A method as claimed in claim 14, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
quin-2 . 

16. A method as claimed in claim 10, wherein said 
second agent is selected from the group consisting of 
cytochalasin B. dihydro-cytochalasin B and cytochalasin D. 

17. A method as claimed in claim 16, wherein said 
second agent is cytochalasin B. 

18. A method as claimed in claim 10, wherein 
neutralizing said first and second agents is by washing said 
preserved platelet preparation. 

19. A method as claimed in claim 10, wherein 
neutralizing said first and second agents is by diluting said 
preserved platelet preparation with a suspension of red blood 
cells . 

20. A method as claimed in claim 13, wherein 
neurralizing said first agent is by adding unchelated calcium 
to said preserved platelet preparation. 

21. A method for mediating hemostasis in a mammal, 
comprising the steps of: 
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(a) contacting a preparation of platelets contained in 
a pharmaceutically-acceptable carrier with a first agent for 
inhibiting actin filament severing and with a second agent 
for inhibiting actin polymerization to form a treated 
platelet preparation; 

(b) storing said treated platelet preparation at a 
temperature of less than about 15*^C to form a preserved 
platelet preparation; 

(c) warming the preserved platelets; 

(d) neutralizing said first and second agents in said 
preserved platelet preparation to form a pharmaceutical 
composition; and 

(e) administering said pharmaceutical composition to 
the mammal . 

22. A method as claimed in claim 21, wherein the step 
of warming said preserved platelets is by warming the 
platelets to about 37°C, 

23. A method as claimed in claim 22, wherein said first 
agent is contacted with said preparation of platelets prior 
to contacting said second agent with said preparation of 
platelets . 

24. A method as claimed in claim 21, wherein said first 
agent is an intracellular calcium chelator. 

25. A method as claimed in claim 24, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
a calcium chelator selected from the group consisting of 
quin-1, quin-2, stil-1, stil-2, indo-1, fura-1*, fura-2, 

fur a- 3, and BAPTA. 

26. A method as claimed in claim 25, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
quin-2 . 
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27. A method as claimed in claim 21, wherein said 
second agent is selected from the group consisting of 
cytochalasin dihydro-cytochalasin B and cytochalasin D. 

28. A method as claimed in claim 27, wherein said 
second agent is cytochalasin B. 

29. A method as claimed in claim 21, wherein 
neutralizing said first and second agents is by washing said 
preserved platelet preparation. 

30. A method as claimed in claim 29, wherein 
neutralizing said first and second agents is by diluting said 
preserved platelet preparation with a suspension of red blood 
cells. 

31. A method as claimed in claim 21, wherein 
neutralizing at least one of said first agent and said second 
agent is by removing at least one of said first agent and 
said second agent from said preserved platelet preparation. 

32. A method as claimed in claim 24, wherein 
neutralizing said first agent is by adding unchelated calcium 
to said preserved platelet preparation. 

33. A storage composition for preventing cold-induced 
platelet activation, comprising, 

a plurality of platelets; 

a plurality of a non-natural ly occurring first agent for 
inhibiting act in filament severing; and 

a plurality of a non-natural ly occurring second agent 
for inhibiting actin polymerization, 

wherein the first and second agents are present in the 
composition in sufficient amounts so as to prevent 
cold-induced platelet activation. 
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34. A composition as claimed in claim 33, wherein said 
first agent is an intracellular calcium chelator. 

35. A composition as claimed in claim 34, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
a calcium chelator selected from the group consisting of 
guin-l. quin~2, stil-1, stil-2. indo-1 , fura--l, fura-2, 
fura-3, and BAPTA. 

36. A composition as claimed in claim 35, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
quin-2 . 

37. A composition as claimed in claim 33, wherein said 
second agent is selected from the group consisting of 
cytochalasin B, dihydro-cytochalasin B and cytochalasin D. 

38. A composition as claimed in claim 37 > wherein said 
second agent is cytochalasin B. 

39- A pharmaceutical composition for mediating 
hemostasis , comprising , 

a plurality of platelets; 

a plurality of a non-naturally occurring first agent for 
inhibiting actin filament severing; 

a plurality of a non-naturally occurring second agent 
for inhibiting actin polymerization; and 

a pharmaceutical ly acceptable carrier- 

40. A storage composition for preventing cold-induced 
platelet activation, comprising, 
a plurality of platelets; 

a plurality of a first agent for inhibiting actin 
filament severing; and 

a plurality of a second agent for inhibiting actin 
polymerization. 
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wherein said first and second agents are present in said 
platelets at concentrations which exceed the concentrations 
at which the first and second agents are present in naturally 
occurring platelets. 

41. A composition for preventing cold- induced platelet 
activation, the composition comprising: 

a plurality of a first agent for inhibiting act in 
filament severing; and 

a plurality of a second agent for inhibiting actin 
polymer izat ion • 

42. A composition as claimed in claim 41, wherein said 
first agent is an intracellular calcium chelator. 

43. A composition as claimed in claim 42, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
a calcium chelator selected from the group consisting of 
quin-1, guin-2, stil-1, stil-2, indo-1, fura-1, fura-2, 
fura-3, and BAPTA. 

44. A composition as claimed in claim 43, wherein said 
intracellular calcium chelator is a lipophilic derivative of 
c[uin-2 . 

45. A composition as claimed in claim 41, wherein said 
second agent is selected from the group consisting of 
cytochalasin B, dihydro-cytochalasin B and cytochalasin D. 

46. A composition as claimed in claim 45, wherein said 
second agent is cytochalasin B. 

47. A platelet bag containing: 

a first agent for inhibiting actin filament severing; and 
a second agent for inhibiting actin polymerization. 
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48. The platelet bag as claimed in claim 47, further 
including at least one satellite bag containing said first 
agent or said second agent . 

49. The platelet bag as claimed in claim 48. further 
including a first satellite bag containing said first agent 
and a second satellite bag including said second agent- 
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